INTRODUCTION {#sec1-1}
============

Colorectal cancer (CRC) is currently the third most commonly diagnosed cancers and the third most common cause of cancer-related death worldwide.\[[@ref1]\] In China, colorectal cancer is one of the five leading causes of cancer death among both men and women.\[[@ref2]\] Tumor metastasis and recurrence are the prognostic predictors of CRC, and biomarkers that predict cancer metastasis and recurrence are gaining more attention.

Accumulating evidence has shown that COX2 and HER2 are responsible for cancer metastasis and recurrence in CRC. COX2 expression was associated with higher TNM class, higher Dukes\' stage, and increased risk of tumor recurrence in CRC.\[[@ref3][@ref4]\] Meanwhile, HER2 expression was positively correlated with distant and lymph node metastasis, and local recurrence in CRC.\[[@ref5][@ref6]\] Previous studies suggested the nuclear location of COX2 in human breast carcinoma\[[@ref7]\] and urinary bladder cancer.\[[@ref8]\] However, nuclear location of COX2 and the prognostic value of nuclear COX2 in CRC remain unclear. In addition, COX2 expression was positively related with HER2 expression in CRC.\[[@ref9]\] However, whether nuclear COX2 expression is correlated with HER2 expression is also unknown.

In the present study, we investigated the expression and biological significance of COX2 and HER2 in CRC at mRNA and protein levels.

MATERIALS AND METHODS {#sec1-2}
=====================

Bioinformatics analysis {#sec2-1}
-----------------------

RNA-Seq data of colon adenocarcinoma-colorectal (COAD) were downloaded from TCGA (<http://cancergenome.nih.gov/>). The data included 647 CRC patients, of which 51 patients were with paired paracarcinoma tissues. The clinical information of only 629 patients was available on the website.

Patients and tissues {#sec2-2}
--------------------

Overall, 229 CRC and 50 non-cancerous subjects with available medical records and paraffin-embedded blocks from 2008 to 2012 were enrolled in this study. All the patients received tumor resection, and tissues were obtained from patients during the surgeries. The protocol was approved by the Ethical Committee of the First People\'s Hospital of Foshan, and written informed consent was obtained for the research use of the materials. All clinicopathological features, including age, gender, pathologic stage, anatomic site, recurrence, and prognostic data, were retrospectively collected from the patients\' clinical information. All the procedures were conducted in accordance with the approved protocols.

Immunohistochemistry {#sec2-3}
--------------------

The tissue sections were dewaxed and dehydrated. The antigen retrieval was then achieved, and endogenous peroxidase activity was blocked in 3% hydrogen peroxide for 10 minutes. The slides were then cooled and blocked in normal goat serum for 10 minutes at room temperature, followed by incubation with a primary antibody for 60 minutes at room temperature. Finally, the slides were incubated with the secondary antibody and visualized using 3,3′-diaminobenzidine and hematoxylin, respectively.

Evaluation and scoring {#sec2-4}
----------------------

The staining of sections was evaluated and scored by two independent pathologists blind to the study. The staining was scored according to the intensity and percentage of the stained sections. Staining intensity was assigned as 0 (no staining), 1 (weakly staining), 2 (moderately staining), and 3 (strong staining). The percentages were estimated as follows: 1 (≤25%), 2 (26%--50%), 3 (51%--75%), and 4 (76%--100%). The final scores were calculated as intensity score × percentage score. For statistical analysis, a score ≤8 was regarded as low expression, and \>8 as high expression. Tumor cells with more than 5% nuclear staining were judged as positive nuclear expression.

Statistical analysis {#sec2-5}
--------------------

All the data analysis was carried out using SPSS software (version 21.0, SPSS Inc., Chicago, USA). A non-parametric test was conducted to investigate the differential expression of each protein between the two groups of patients. Kappa test was used to achieve the correlation between HER2 and nuclear COX2. The relationships between the clinicopathological features and gene expression were evaluated using Pearson\'s χ^2^ test. Kaplan--Meier survival curves were plotted to elucidate the relationships between gene expression and overall survival of the CRC patients. Univariate and multivariate survival analysis were performed with the Cox proportional hazards regression model to identify factors associated with the overall survival of patients. The hazard ratio (HR) and 95% confidence intervals (95% CI) were calculated for each factor. All tests were two-sided and *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

The mRNA levels of COX2 and HER2 are upregulated in colorectal cancer {#sec2-6}
---------------------------------------------------------------------

To investigate the role of COX2 and HER2 in HCC, we assessed their mRNA expression in CRC based on the TCGA COAD dataset. RNA-Seq data from CRCs and paracarcinoma tissues showed that COX2 and HER2 expression were significantly elevated in CRC tissues compared with paracarcinoma tissues (*P* \< 0.001) \[[Figure 1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\], indicating their oncogenetic roles in CRCs.

![The bioinformatics analysis of COX2 and HER2 in tumor tissues and paracarcinoma tissues of CRC patients. (a) The comparison of COX2 expression between CRC tissues and paracarcinoma tissues. (b) The comparison of HER2 expression between CRC tissues and paracarcinoma tissues](SJG-24-301-g001){#F1}

Clinicopathological features of the colorectal cancer patients {#sec2-7}
--------------------------------------------------------------

The clinicopathological features of 229 CRC patients are shown in [Table 1](#T1){ref-type="table"}. The patients\' age ranged from 31 to 80 years and the median age was 58 years. Most patients (58.2%) were male, the ratio of male patients to female patients was 1.385. Based on Duke Staging System, 104 of the CRC patients were in Duke stages A and B and 125 of them in Duke stages C and D. Therein, 146 patients had lymph node metastasis and 29 patients had distant metastasis.

###### 

Correlation between nuclear COX2 expression and the clinicopathological features of colorectal cancer patients

![](SJG-24-301-g002)

Correlation between the expression of nuclear COX2, HER2, and clinicopathological features {#sec2-8}
------------------------------------------------------------------------------------------

In order to verify the findings obtained from bioinformatics analysis, we further explored COX2 and HER2 expression by immunohistochemistry, in 229 CRC cases. The analysis showed that patients presented different COX2 and HER2 expression ranging from weak staining to strong staining \[[Figure 2a](#F2){ref-type="fig"}\]. Interestingly, we not only detected cytoplasmic expression of COX2 but also nuclear expression of COX2 in CRC tissues \[[Figure 2b](#F2){ref-type="fig"}\]. In addition, we found that nuclear COX2 expression was positively correlated with Duke stage and lymph node metastasis, but not other parameters of the patients, including age, gender, distant metastasis, and anatomic site \[[Table 1](#T1){ref-type="table"}\]. Additionally, further analysis suggested that non-nuclear COX2 expression was positively correlated with low HER2 expression in CRCs (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\].

![Representative images of COX2, nuclear COX2 and HER2 staining in tumor tissues and paracarcinoma tissues of CRC patients (original magnification ×400). (a) Representative images of COX2 and HER2 staining in CRC tissues and paracarcinoma tissues. (b) Representative images of COX2 staining with and without nuclear distribution in CRC tissues](SJG-24-301-g003){#F2}

###### 

HER2 and nuclear COX2 expression in the colorectal cancer tissues

![](SJG-24-301-g004)

Survival analysis {#sec2-9}
-----------------

Next, we conducted the survival analysis to explore the association between COX2, HER2 levels, and overall survival of the CRC patients. Survival analysis indicated that low COX2 expression was correlated with good prognosis for CRC patients (median survival 2.744 years versus 0.903 years) (Log-Rank, *P* = 0.0253) \[[Figure 3a](#F3){ref-type="fig"}\]; however, there was no correlation between HER2 expression and prognosis for CRC patients (data not shown). Then, we determined the relationship between nuclear location of COX2 and prognosis in CRC patients, and revealed that nuclear COX2 expression predicted poor patient prognosis (median survival 0.912 years versus 2.385 years) (Log-Rank, *P* = 0.0173) \[[Figure 3b](#F3){ref-type="fig"}\]. In addition, we assigned the patients into two groups: one group was named as low HER2/nuclear COX2 (−), and another group was named as others including low HER2/nuclear COX2 (+), high HER2/nuclear COX2 (−), and high HER2/nuclear COX2 (+) status. The association between clinicopathological features of CRC patients and the expression status of nuclear COX2 and HER2 in the two groups was analyzed and the data were summarized in [Table 3](#T3){ref-type="table"}. Low HER2/nuclear COX2 (−) status was negatively correlated with Duke\'s stage and lymph node metastasis but not other clinicopathological features of the CRC patients. Low HER2/nuclear COX2 (−) status conferred a good prognosis in CRC (median survival 2.901 years versus 0.817 years) (log-rank, *P* = 0.0004) \[[Figure 3c](#F3){ref-type="fig"}\].

![Kaplan-Meier survival analysis based on COX2, nuclear COX2 and nuclear COX2 combined with HER2 expression. (a) Kaplan-Meier survival analysis based on COX2 expression. (b) Kaplan-Meier survival analysis based on nuclear COX2 expression. (c) Kaplan-Meier survival analysis based on HER2 and nuclear COX2 expression](SJG-24-301-g005){#F3}

###### 

Relationship between HER2/nuclear COX2 combined status and clinicopathological features of colorectal cancer patients

![](SJG-24-301-g006)

We further conducted a univariate and multivariate survival analysis to correlate the HER2/nuclear COX2 expression status, the clinicopathological features, and overall survival of the CRC patients. As shown in [Table 4](#T4){ref-type="table"}, low HER2/nuclear COX2 (−) status, younger age, Duke\'s stage (A + B), without lymph node metastasis, and no distant metastasis contributed to longer overall survival of CRC patients. Moreover, the multivariate Cox proportional hazard analysis exhibited that low HER2/nuclear COX2 (−) status (HR = 0.523, 95% CI 0.285-0.959, *P* = 0.036), age (HR = 0.387, 95% CI 0.242-0.619, *P* \< 0.001), Duke\'s stage (HR = 0.166, 95% CI 0.047-0.585, *P* = 0.005), and distant metastasis (HR = 0.431, 95% CI 0.233-0.797, *P* = 0.007) acted as independent prognostic factors for CRC patients \[[Table 4](#T4){ref-type="table"}\].

###### 

Univariate and multivariate survival analysis of clinicopathological variables of colorectal cancer patients

![](SJG-24-301-g007)

DISCUSSION {#sec1-4}
==========

Many reports suggested that COX2 and/or HER2 are important indicators of poor patient survival in CRC. However, nuclear COX2 expression and its association with HER2 expression in CRC remains unclear. In this study, COX2 and HER2 expression, and their biological significance in CRC, were investigated. COX2 and HER2 expression were upregulated in CRC, at mRNA and protein levels. COX2 protein levels conferred a poor prognosis for CRC patients. Moreover, we showed that nuclear translocation of COX2 was present in CRC tissues, and nuclear COX2 expression which was also correlated with high HER2 expression also contributed to the poor prognosis of CRC patients. In addition, nuclear COX2 expression with low HER2 expression was associated with the best prognosis of CRC patients.

COX2, namely PTGS2, was normally located in cytoplasm and on cell membrane, and was thought to function in the biosynthesis of inflammatory prostaglandin, and acts as a peroxidase. COX2 is constitutively expressed in many tissues in physiological and pathological conditions, such as in cancers. In cancer cells, COX2 enhances the production of prostaglandin E2 (PGE2), and is positively associated with increased cell adhesion, resistance to apoptosis, proliferation, phenotypic changes, and tumor angiogenesis. It is well documented that COX2 expressions are higher in CRC than those in the paracarcinoma tissues.\[[@ref10][@ref11]\] In this work, we showed that both mRNA and protein levels of COX2 were upregulated in CRC by bioinformatics and immunohistochemistry analysis. In addition, cytoplasmic and cytomembranous COX2 is associated with pathological stage, tumor recurrence, metastasis, and poor patient prognosis, and is an independent prognostic factor in CRC.\[[@ref3][@ref12][@ref13][@ref14]\] Similarly, in this study, we found that COX2 protein levels were positively correlated with poor prognosis for CRC patients. Intriguingly, some studies suggested that nuclear COX2 interacted with HIF-1α to promote bone metastasis of human breast carcinoma,\[[@ref7]\] and functioned as a transcription factor that was significantly associated with the expression of stemness markers in bladder cancer.\[[@ref8]\]. Consistently, we also detected the nuclear location of COX2 in CRC, and nuclear COX2 expression was positively correlated with Duke\'s stage, lymph node metastasis, and the poor prognosis in CRC patients. Survival analysis further revealed that nuclear COX2 expression was an independent prognostic factor in CRC.

Interestingly, many researchers suggest that the positive association between COX2 and HER2 expression in CRC and breast carcinoma, and their expression have synergistic effects in cancer progression.\[[@ref9][@ref15][@ref16][@ref17]\] In this work, we found that nuclear COX2 expression was positively associated with HER2 expression, indicating both of them played pro-tumoral roles in CRC. Importantly, we showed that patients with non-nuclear CD133 and low HER2 expression exhibited the best prognosis in CRC. Further analysis suggested that non-nuclear CD133 with low HER2 expression status correlated with Duke\'s stage and lymph node metastasis, and could serve as an independent prognostic factor for CRC patients. Moreover, we found that both mRNA and protein levels of HER2 were upregulated in CRC; however, HER2 overexpression did not correlate with overall survival. These results were consistent with previous observations.\[[@ref18][@ref19][@ref20][@ref21]\]

Taken together, our work adds to the wealth of knowledge on the oncogenetic roles of COX2 and HER2 in HCC. We also demonstrated that nuclear COX2 in combination with HER2 can serve as a potential biomarker for the clinical diagnosis and prognosis of CRC, and targeted inhibition of COX2 and HER2 might be an alternative strategy for the management of CRC.
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